. The long-term survival rate of a total knee arthroplasty after a 10-year follow up was reported to be 80% to 95% 7, 14, 17) . Various factors affect this long-term survival, the most closely related factor being the physiologic recovery of the leg alignment 8, 16) . Upon a follow-up study of more than 8 years, the loosening rate was only 3% in those patients with a correctly recovered leg alignment, but was 24% in those with an incomplete recovery of the leg alignment 4) . There are limits on improving the alignment accuracy using a conventional total knee arthroplasty 19) . Therefore, this study evaluated the effectiveness of a total knee arthroplasty using a computer-assisted navigation system and compared the accuracy of the leg alignment and component position using this navigation system with those using the manual alignment system.
MATERIALS AND METHODS
We examined 56 patients (76 cases) who underwent a total knee arthroplasty from January to June 2003. There were 7 men and 69 women, and the mean age of the patients was 68 years (range: 51-85 years). The procedure was to treat the primary osteoarthritis in all 76 cases. Group A included 40 cases operated on with the manual technique using an intramedullary femoral and extra-medullary tibial alignment
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Arthroplasty Using Computer-Assisted Navigation System system. Group B included 36 cases operated on with a navigation system (Orthopilot � , version 4.0). In both groups, the posterior cruciate ligament was retained and the patellar was not resurfaced. All the prostheses used for TKA were e-motion (Aesculap, Tuttligen, Germany) and were cemented.
The preoperative femoro-tibial angle (FTA) was 1.1±6.6°v arus in group A and 2.5±2.5°varus in group B, showing no significant difference between the two groups (p=0.821).
For the TKA using the navigation system, the knee joint was exposed through the midvastus approach after incising the skin by approximately 10 cm in length. Subsequently, the femoral and tibial screws for transmitter attachment were placed. The femoral screw for the attachment of the transmitter was inserted into the medial cortex approximately 10 cm proximal to the knee joint, and the tibial screw was inserted into the antero-medial cortex approximately 8 cm distal to the tibial plateau. The transmitter used to monitor the ultraviolet camera of the main computer was attached to the proximal tibial region and the distal femur region. After attaching the transmitter, the hip joint, ankle joint and knee joint were flexed for the Orthopilot � program to identify the midpoint of each joint. Using the probe, the locations of the medial and lateral joint surface of the proximal tibia, tibial spine, distal and posterior part of both femoral condyles, ankle center and medial and lateral malleolus were registered. After the medial release in the proximal tibia had been performed, the osteophyte, meniscus and anterior cruciate ligament were removed. After placing the tibia cutting guide attached to a transmitter on the proximal tibia, the suitable proximal tibia resection height, the anterior and posterior inclination were determined, and the cutting was then carried out after fixation with pins whilst observing the Orthopilot � screen. The extension gap and flexion gap were measured using a tensioner after the proximal tibial resection. Based on the measured values, the distal and posterior femur was then resected so that the two gap would form the same rectangle. The stability was confirmed after a trial insertion to determine the size of the meniscal component, and then the actual component was then inserted.
The radiographic indices with regard to the femoro-tibial angle, mechanical axis deviation and the inclination of the femoral and tibial component were evaluated at postoperative 2 months using the anteroposterior and lateral radiographs and the anteroposterior full-length weight bearing scanographs 2) by two independent observers ( Fig. 1, 2A ). The deviation in the mechanical axis from the center of the knee joint was also evaluated. After the joint surface had been divided into 3 sections (A, B and C) from the center, ''A'' was defined when the mechanical axis passed through the paracentral 1/3, ''B'' when the mechanical axis passed through the middle 1/3, and ''C'' when the mechanical axis passed out of the B region (Fig. 2B) .
The outcome was defined ''acceptable'' when it was within the optimum value±3°and an ''outlier'' when it was over the optimum value±3°1 2) . Statistical analysis was performed to compare the differ- ences between the two groups. An independent Student ttest was performed using SPSS for Windows Release 11.0 (SPSS, Chicago, Illinois). The confidence interval was 95%.
RESULTS
When the coronal inclination of the femoral component was measured on the anteroposterior radiographs, the angle ( , optimum=6°) formed with the anatomical axis of the femur showed 13 outliers (32.5%) in group A and 2 outliers (2.8%) in group B. The mean value of this angle was 94.1±2.4°and 95.4±1.4°in groups A and B, respectively (p=0.001). The angle ( , optimum=90°) formed with the mechanical axis of the femur showed 17 outliers (42.5%) and 2 cases (5.6%) in groups A and B, respectively and the mean value of this angle was 87.1±2.4°and 88.7±1.7°, respectively in each group (p=0.006). In group A, the coronal inclination of the tibial component ( , optimum=90°) on the anteroposterior radiographs showed no outliers. The mean value was 90.4±1.1°and 90.7±0.8°in groups A and B, respectively (p=0.068). In group A, the femoro-tibial angle (optimum=7°) was 1.1±6.6°varus prior to surgery and 5.9±2.4°valgus after surgery. In group B, it was 2.5± 2.5°varus prior to surgery and 6.9±1.4°valgus after surgery. The outlier outcome was present in 9 cases (22.5%) and 2 cases (5.6%) in groups A and B, respectively (p=0.001).
The mechanical axis (optimum=0°) on the weight bearing anteroposterior radiographs was 2.3±3.0°varus and 0.1±1.9°valgus in groups A and B, respectively. The outcome was 9 (22.5%) and 2 outliers (5.6%) in groups A and B, respectively (p=0.031). When the degree of the deviation in the mechanical axis was evaluated from the knee joint center the deviation was within the paracentral 1/3 in 34 cases (94.4%) in the navigation group and 22 (55%) in the manual group (p=0.001). No significant differences in the sagittal inclination of the femoral component ( ) from the lateral view were found between the two groups (p=0.161). The lateral radiographs showed that there was an outlier in the inclination of the tibial component ( , optimum=90°) in 16 cases (40%) and 0 case in groups A and B, respectively. The mean value was 87.8±2.1°and 90.0±0.9°in groups A and B, respectively (p<0.001).
The post-operative femoro-tibial angle (FTA), the mechanical axis deviation, the coronal inclination of the femoral component ( , ) and the sagittal inclination of the tibial component ( ) showed significant differences between the navigation and the manual group (Table 1, 2) .
On the other hand, the coronal inclination of the tibial component on the anteroposterior radiographs and the sagittal inclination of the femoral component radiographs showed no significant difference between the two groups ( Table 1, 
2).
No infection or deep vein thrombosis was encountered as a complication. One case in the manual alignment group had a superficial wound infection at the incision site, which healed spontaneously. 
DISCUSSION
The long-term survival rate after a TKA after a 10-year follow-up was reported to range from 80 to 90% 7, 14, 17) . However, various factors affect this survival rate, particularly the postoperative recovery of the proper leg alignment 7, 16) . Rand and Coventry 15) reported a 10-year survival rate of 90% when the leg alignment was between 0°to 4°valgus, but it was 71% and 73% when it was higher than the 4°v algus and varus alignment, respectively. Jeffery et al. 4) reported a 24% rate of prosthetic loosening when the mechanical axis was over ±3°deviation. The acceptable range for the postoperative leg alignment in a TKA is still controversial. However, a postoperative limb axis within a range of ±3°varus or valgus was found to be associated with a lower rate of aseptic component loosening in many studies 4, 15, 16) . Although an improvement in the mechanical alignment system can beachieved, the conventional implantation technique fails to restore the mechanical limb axis within the range of ±3°of the varus or valgus in up to 30% of cases 10, 13) . The potential errors in alignment result from the variations in the bony anatomy, a visual misjudgment by the surgeon and the general technical limitations.
Therefore, a computer-assisted navigation system was recently introduced in a TKA to improve the accuracy of the component position. The Orthopilot � , navigation system used in this study was easy to use and is currently approved by the Food and Drug Administration (FDA) after many clinical studies in actual clinical settings. Mielke et al. 10) analyzed the results of the navigation assisted TKA compared with those of the conventional technique. They reported a tendency for a better leg alignment in the navigation TKA. In the multicenter study 6) on 555 TKAs, a significanty better postoperative leg alignment was performed the in navigation group than in the conventional group. The outlier rate (over ±3°) in the navigation group was 12% in the alignment of the leg axis while it was 28% in the conventional group. This study found a similar outcome with regard to the femoro-tibial angle and mechanical axis deviation in that the outlier rate was 22.5% in the conventional group and 5.6% in the navigation group. These results were comparable to Han and Ha's 3) outlier results of 24% in the extramedullary and 28% in the intramedullary alignment system. The data on the coronal femoral inclination ( , ) in conventional group had more outliers than in other reports 18, 20) . However, the reported outlier results in these inclinations vary widely. Laskin 8) reported a 76% acceptable range in the intramedullary system and a 97% acceptable range in the extramedullary system.
A better alignment axis in the navigation group with regard to the femoro-tibial angle, the mechanical axis deviation and the coronal inclination of femoral component of this study was similar to the results of the other TKA performed with the navigation system 6, 10, 18, 19) . On the other hand, the coronal inclination of the tibial component and the sagittal inclination of the femoral component, which showed no significant difference between the two groups were quite different from the other TKA performed with the navigation system 6, 10, 18, 19) . Even in the group treated with the computer-assisted navigation system, there were 2 outliers for the some radiographic parameters such as the femoro-tibial angle (FTA), the mechanical axis deviation, and the inclination of the femoral component. The factors that can induce inaccuracies in a TKA using the image-free navigation system are Table 1 . Radiological measurements of the prosthesis inclination on the postoperative 2 months radiographs the many steps in the surgical technique. Among them, the most important factor appears to be the technical error in registration. Therefore, surgeons need make an effort to register the precise anatomical landmark in order to avoid a misalignment in the leg axis. However, the follow-up of the navigated operation was too short to determine if the clinical outcome or survival rate had really improved. A longer follow-up will be needed to determine if this improvement in the accuracy of the alignment in the lower extremity and the navigation operation lead to an increased long-term survival rate.
CONCLUSION
Compared with the manual alignment system, the navigation system helped to produce more 'acceptable' results and less 'outlier' results. The alignment of the lower extremity after a TKA can be more accurately achieved using the navigation system. Therefore, it is believed that an improvement in the lower extremity alignment will improve the long-term survival of the prosthesis.
